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PROBLEM TO BE SOLVED: To carry out strict position _ 
stabilizing control of a robot device by deriving a ZMP equation at 
high speed and with high accuracy. 

SOLUTION: According to the robot device, acceleration sensors 
are arranged on control target points of a robot body, by setting a 
lumber part of the robot body, at which a manipulated variable of 
mass becomes the maximum, as an origin of local coordinates. 
Then the position and acceleration of the robot body are directly 
measured, thereby carrying out the position stabilizing control, 
based on a ZMP. Further a floor reaction sensor for directly 
measuring the ZMP and a force, and an accelerator sensor are 
arranged at a foot portion which is a contact portion to a floor 
surface, and the ZMP equation is directly formulated at the foot 
portion which is the closest to the ZMP location, thereby realizing 
the strict position stabilizing control at high speed. 
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u & v » t v » e> ft ft & m« t l & v > Tj^ffi/iii m mm * « 

[0 0 5 3] 

*5£W\Z$kZ>mi%&$hu-$.y b©fc©©-fc>-y- • ->Xf 
Ate, «Atf, «flK±OH*36t»«t>bTl»*««fi:»ciJf 

[0 0 5 4],, 

fcS.Wl, '-*»9ik:«*IWSC»iftDjKy h©fc&©-fe> 
[0 0 5 5] 

[0 0 5 6], . 

aawa, *-%imz%zwimwiu-#y h©jt»©-fe> 
•y- • -/xfAit ^t^^-o-x— ^©a'L'<^Ja3&(yc7•^ 

s-fe>-y-, ftJnija«-fe>-y-;-ft5i*.-b>-y-T*rii*n 
*• ' 

[0 0.5 7] .. 

fcu >^©S'6#ifi^«63nfcipisae-fe>-y-i:«snjs 
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[0 0 5 8] 

Wfo±.\zft&&mztiti±>VWl±%;%mmz& 
tC*3^T)l^D»L,T^< £?{cLTfc<fcV>. dtlSS- 
[0 0 5 9] 

rotb^T-siHiK^jbPMjST-s^z • o.->y hi, 

M.<btiL9i5:mtt3i2>&W\z±>-y- • :xxy S*tjffg$n 
[0 0 6 0] 

::Tf5t>t • ZL-y Hi, fllAtf, 1 «~ 3 6&CD 

[0 0 6 1 ] 

cfc o TBJ 5 fr\Zt£ 3 5 3 . 
[0 0 6 2] 

[^©suscDflim] 

[0 0 6 3] 

A. fflfttematfy h<at@Ma<i«$Bfe 

TA^^j <Dffl$.&motfy b 1 0 O^BSLbTV^ 

ft? £ ^ms'&n <n& a z> mm. u & ^ l t t» 

£©TJK8B<fcT«fi£c**-U mtffl|iWKl*Ij&$nT^-5 
ftsWSB (H^L&(,>) (CcfcOa#<7>IW£i0c}gB<Hcri> 

[0 0 6 4] 

i> S¥iTM3n, J3SKIiitCck^T«:^BBcDlilS«-F 

M<D±jj(DiEi5&mmizTmit$iEnT^%. stc, na$ 

[0 0 6 5] 

ft«S&te, d copaiba #y moo £«ti£T..5#ll9 
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[0 0 6 6] 
[0 0 6 7 ] 

CD *W*j*-6±(ffc, £WCck-5mffl];£j$»3 

( 2 ) Ltcmm&ft® 

(3) feU*»'6±*f&.-.«|iPfcjE*l|lHix»» 

(4) feJE3i*SS*UfcWW3tf*a! 
[0 0 6 8].. 

. mtt&wjntfy b i o o »c*jtt*^ff*ijptt, 
us t <Dtttt &mm % % wrmmm. \z mm £ -a- * £ 3 k^ie 

[0 0 6 9]. 

35*ffl^fc»MtfffteJ;0fT!tt3. ZMP (Zero 
30 Moment P p i n t ) *£ff CD^ffiWgiJCD^Sa 

jRt»BB©»J5Ef.^j**ftifg <T&to-&ZMP5fc£« 

-^>h*«1?nt«:*^, -r/j:^^ rzMP (Zero 
Moment Point) J W^StS. 
40 [0 0 7 0]. 

m3\z\t, z.awa»mn#y b 1 0 o«tA«r«nff 
s**«fft*«sc«fc3SUTi»*. isiiitc^-r«fcp(c, 

W*»»n3Ky h 1 0 Ott, 2 *©H55BBi:SISB 1 $-&tf 
±R£v tMftM^**iBr«2*0||ipa^6tt*TK 

[0 0 7 1] 

**B5i5i (Ne c k) «, mP§i53-$4l 
t, WHRtf%i2<Dlimm¥y?m2 a, 2bt, tfK 
JO «So— ;Har3 3 Si«*tLTU5. 
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*©atartUT, w (shou.i d 

er) fciJttSWMgBfy^ttU t, WHflJn-JHftS 
t, ±W3— W6. W (E 1 bow) \Z&ftZMMffi\± 
y3Mtt7t, (Wrist) tciitts^mMffia- 
148 t, ^aStTfgj&Sft-S. MS, Hfic 

[0 0 7 2] 

MS5 (Trunk) «, #$£f<;/ 9 t, ft 
**n— ;H* l o 2 SftS^^rr-S. 
[0 0 7 3] yo 
T&*«j*-*-*#*©WB5tt, figMS? (Hip) 

«M«Jn-JUWi 3 t. ft (Knee) K&ffSKM* 
Ky?*14i. St (Ankle) »S*W-*JSirn» 
K»yil5t, EttH»n-;Mil 6?t, JggBtTfl! 

[0 0 7 4] 

0 0 *«±as LfZf^TV) g Uttltntftt 6 ft 

[0 0 7 5] 

±$L;tJ:5&W^Wii=i*y HO oaWs&gSK 

set, 2je*fft^-5^*fje«iaflc»^uT!6»iw» 

fm-VR-DD— ^SliS^y^y^fcLTt-^ • x 
Xy HCrtj&bfc^yW/hMAC+r— jtf • Ti^aX 
-^^Mtli^itUfc (CKDaWACD-— ^ • 

TV»*«rBi2 0 00-29997 0 #&$Bk:BB^£ftT 

Sfflf^dttCfcO, AfHt©tlSW-f:>^7^v3 > 

£fi$-rs*--f :7cDn#y moo tc#«>e>nTv>-5iK 

[0 0 7 6 ] 40 

04tc«, W^Kin^y h l 0 OOW^tAM 

*?HO0tt. k h©eaK«:*Sbfc#««|inry h 
3 0, 4 0, 5 0R/L, 6 0R/Lt, 

[0 0 7 7 ] 
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o K&^TW&mzftimztLZ,. mm?.-*, h 8 o «. 

CPU (Cent, ral Processing Un 
i t) **^U«f©±£lilEfr3 h <HiRU& 

n> vmtfLf<n%±MWB8 1 1, *jrs»^ojh v h 

1.0 O©£«jfcE*t0^-^3T>K0«g;fefTfc 

£H22[bI&8 2 t7?«fig$n-5. 
[0 0 7 8]. 

**9i**S"J-* XT, ;fflWar 7 h 8 0 ©gSB* 
ffi\t¥f\zm%.2ntt\,K HI4T«ff^g|5n.-.v h 4 0 \Z 
flf«SnTV»«*«, ■fflgRJLXy h 3 0 fc&t&LTfcJ; 
^. a a|*y h 1 0 0^l;a»iZ7 

H 8 0 4BII/T.- Wa»»oj|?y h 1 0 0©lftta 

U < tt*M*T£firr * J; 5 t T t> «k 
[0 0 7 9] 

03 fC^b^P^ffijOT^y h i o OftcD&MiiigiS 
*i*>. fftto-fe, ^g|5JL--y h 3 0 fete, SrgBfflH— w 

Ti7^iLX— *A 2 , #Kg5a— JMtt7d73=-3.X— ^A 
3 atlEKStlT^*. 
[0 0 8 0] 

n— JH*1 0<D&*£&mTZ>#.&\iy?-1A7i>?-3.x. 
r-^A? , fr#a-^;Htt7^5=-a.x— ^Ai o^iS«$ 

[0 0 8 1 ] 

MSBxxy hS OR/Ltt, ±J55a.Xy h 5 1 R 
/Lt, WMtta=y h5 2R/L.t, (KHP-Xy h 5 

D-;Hft5, ±M3-W6, fttpgSt;y^«7, #ttH 

-^A 4 , MMfi5n-;Ut47i'9 1 a.x-^A5 , ±BJ53 
-«7«faI-?.A 6 , .WUKKyfttJ??!!- 

[0 0 8 2] 

Sfe, Ite 7 h 6 0 R/L«, *m»3L=.y h 6 1 
R/Lt,«a-.yh6 2R/Lt, K»a=yf6 3 
R/Lfclffl^bSn***, J3SHS53-M1 1, flg&ggfitf 
y^ttl 2, J3SMISa-;nsi 3, KHfiS hf y 5=-^ 1 

4, e»i»«try^tti 5, Etna»n-;nui 6©# 
**aa-r*KiHi»3-tt7i'^ax-^Ai i, ^ 

fal-j'Ai'B, KMSStTy^WT^^j-X-^A 
i 4 , SMBagptry^$47^^iX-^Ai 5 , 

[0 0 8 3] 

&fflmzm^*>i\2>7>7?-z.3L— 5>A i . A2, A 3 - 
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[0 0 8 4] 

m.U=L-y h 3 0 , flstttBa- y NO, MHBn.- ? h 
5 0. &W33--y h 6 QtiH(D^mm=L-y hmZs 

7{7Tz.3L-*mwiMwm<Dffl%<mM3 5, 45, 5 

5, 6 5**f2«$nT^*. 
[0 0 8 5] 

m#-<D#.&$>4 0 iz\t, mm&±>-^9 5 t'gm±>y 

9 6««EKSnTt>«. UD3S*-fe>-9-9-5tt, X, Y,' 

Sffl £fr& 5 H £ # -5 . 
[0 0 8 6] 

#»S6 0R, LKtt, igitfi5i&S-fe>-tJ-9 1 ROC 

9 2 1, sni$g-fe>-y-9 3, 9 4*«*n*nE»snT 

t>*. *i&5ilS-fe>-y-9 1 SUC 9 2tt, ^J^«S«tCli 

SDi$g-t>-y-9 3, 9 411 «Mt<£feXftOCY 
©#tt2ff&Jfc:BBIl-r*. &*coJSSI5tCj!jDjgS-tr>-y-9 
3. 9 4*l2iS-r^dttc«fcO, ZMPtt«fc*t»iEn 

£«^1tt*ZMP;fr8£*«i;MZTSC£j&*-C*.5. 
[0 0 8 7] 

[0 0 8 8] 

. (1) »®tt^**^>h;Ui7*tfpfflb-c. , 6>»<J:i:At 

(2) »BT©afejtic«r*ni»««ctt3te»k:*#<. 

[0 0 8 9] 

3$S-fc>-th^SE^-r^. COftU, ZMPfeBtcgfcfi 

«ww*wa-csi8i-r«i:t*tT?*** com*. 
h )V{7f>mmt^ t&wtfm^x l s 5 J3>*ij±-^jg© 
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[0 0 9 0]. 
±1W««8 0-tt, &ir>tr9 i~g i 3©U*tiK»UT 

AfcWkfH:, S'JSWglS 3 5.4 5,5 5,6 5 ©&* \Z 
MLTmfcWifflWZfri^ MbCflttDtfy M0 0© 

[0 0 9 1 ] 

/0 D^^H.OOroiftlTOMIiB, SSBaid, z 
MP (Zero Moment Point) flit, ft: 

9JlMmS3 5, 4 5, 5 5, 6 5kl(Ej8r*. fLT, 
**©»JfflW«3 5, 4 5-Ttt» ±$(J«gB8 1*>6© 

A2. As-»c*ttTKttW»®#*HJ*-r*. CdT 
^5 rzMPj ttt.-*fT+©*K*icJ:**-y>h 
dii?Ptnc*^s±©^©cfcafeo, rzMP 

zmp*«» mm) . 

[0 0 9 2] 

C. jglggtg&njHy h©J|g£5ggyij[jg 

^^T, *'*JtolllCfll«|iP3CiMfrn#y Moot* 

[0 0 9 3] 

**M»IBfc«*36»ftJEW«itt, Z M P 
30 ZMPtsfej6*tijgij«|e»cfflnfcniKy 

^t'*^j#^^©2±»5V»«'?-©F»gfliJt^E-^> 

b©^fc81jD$n*«- ; &-/>hOfi«|^Vi|||^^ 
f23zEtfcZMP^S^^i»tiiLT> C©ZMP*8iC± 

[0 0 9 4] 

40 RBJftfPftWfcfcifcaaHfc, WjttfB«*a-*;ns 

^bmrnzmmmm it,, z m p t»-^< 

*t*©flF«*iBS5WK«-«|.LT, ZMPtefitgfeifi 
[0 0 9 5].. 

c-i. • zMP#aa<p«3i 
50 4:%M«ffiik:fii«iw^na3Hy Moo ti^fsw-r^ 
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toS««WfcH£<D«£fl:-l?*S. fib, ClCTtt#K 
CO 0 9 6] 



( 15 > ttH2 0 0 4--1 8 1 6 1 3 

*05»C*5l>T, 0-XYZ«SB»ig||;^(t5 
O-Jk tfy^, 3-#tt**U. O' -X' 

V Z' ISflia*"; M 0 Ottfcl:ii<ISiIS 

So S^.^-^i (') tt£©gE^r43I»fflS{J&£t2 
[0 0 9 7] 

[fti] 



m, :iSi®I^£7)Ii 

l(gx»gy,g z ):S^^natS^^ h;i/ 

O' - X'Y'Z' : Illlff^ hfcfcfcfc 

O - XYZ : <fi**ffi*M* . 



<) 



[0 0 9 8] 

r ' i « I SgWft^w&g^ (fi Lillys 

>^ h i o o <Dm#m&\mmtfmzwtE-rz. -r&fc 

*>, Kffil4. 0 5 

Ttt, -?-©«SW:mh , -^©&B^ mLMW)& 

«r' h (r' hx, r' hy . r* hz ) ft 
•5. fi8#©ZMP©&H^£ WW 01 UjUKJIIS 



> m p. y , r 



3?) £r r ' imp ( r ' zmpx, r 
z m p z ) i"3"<5o 
[0 0 9 9] 

1tt*flE«*O-XYZ»ijft» i as«3RT»0. 

3. *^*S^fc^SW]^«jD3py M 0 011 fllg& 

tmm<n%M\z. j tn j etitinm&±>D-9 3, 94, 9 6 

*;w««*tto-x' V z' is, djHv htt>k:» 
<. 

[0100] 



5C»4fef^5 : :W2£Otn-;Ha{c^LT^L^^„ ^SSjS 
[0101] 

( 1 ) MOO ^(*=©R*»***j&* 0 

(2) R^SK^-r*. *A©KJ6#tt«, iSff^wv 

(3) ^i^istc, a-c>sr**, -eoa^&gias 

(4) M^mit, RMir i St-ttl. 

(5) S*k:aigH«©**RXS"r<i:t>-6»{t:W±ta 
[0102].. 

■S«HRlc«>tf«ft|||CA-'(0h«. Oh,, 0hz) 
14. fflliC^KiP^y h 1 0 0'fc*Jtt«JgS?©^^T)Jct) 

[0 10 3]. 

50 i^ffl.ZM-PJiSIl W»*d-*j«t4il.TEP*P*<a* 
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[0 10 4] * 
##^ffiM7?fBM* 4xfc Z M P : 

»/f - particles 



<16) #§3 2004-181613 

JO 

* UfclWS^ajC (O-XYZ) TfB$ S *lfc«fc<D ZMPJ 

SS, Mtfk:«#©n-;i!;M8«jR (o-x' y 
z 1 ) tt^n^n«T©jiot^5. 

[0 1 05] 
[*2] 



I «, (r, " f: + T - £ M, - £( Sft - r :w; ,)x F A = 0 



r - r + r 



□ - * ^ttHWTJIBai* *ifc ZMP 5M15C 



r = r + r 7 



[0106] 

O^Sn^ZMPdJO (fgr i - r t mi-). •.<&=£- 

KMiO^ilPt, ^^jFk (C«fci9±fiK$n-5ZMP.|nI0 
(k#BcD^^Fk<Df^ffl,^$rs k if*) .©^-^^ 

[0 10 7] 

cozMPfi^v^iStt, «*-*>h*t«m-r£:fo 

•fe^E— 1- • 15- fi£#T£-g-A/r^-5., COD^E— * 30 

It^rtAt, ZMP*ft«flE!pJgij«(Btt&ifi#5fcJfe" 
5. 

[0108] 

>-y-9 6, 9 3fttf9 4*«iE»anTVs*0DT?, 
[0 10 9] 

El 7 N^KjdjH"/ MOO iZ&KX&ltWf'SI 

* £j&-r s *& ©stt m & y □ - j- — 

hO»5tT«UTV»*. fflU KTORWCtt; • B'5 ft 
ViXBffliC^lftD7K-y h l 0 0©£BSfiH&»-$>Ii!if£*fejzB J0 



[0 110] 

SMB. 2£t±0*flEO^-X*«FJiSy!IW»Citlg*tlT 
[0 111] 

>atlBMMiT«li«Sn*. ^E-->3 > • ^-^ft, n> 
[0 112] 

(Cl^IffliJlC^snfzffl^-e* 0 , fgffi^lc ZMP 
[0 113] 

ic*3tt5z.MP®iit*is^-r5 Uf7^s3) . 

[0 114] 

T«, Bigg, ttttffi, JbJK, mUts.E<D^\zi/)\,-zf 
(ZTy7S 11). 
[0 115] 
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mft^oy-iu? h • Tj-j-yv mm®*) m 

[0 116] 

&8wa©>/^— yis^ops (s^;u-h!> 

T/fcttLTflBfcJite*'-**.* Ury^S 1 4) . 
[0 117] 

atfy b<D'g&\zmCT, BSfiilfHTOfiSifeliB 
[0 118] 

5) „ 

[0 119] 

^LT, JlffiaM^ZMPViit. W.mzJn*$t<D&WtiL 
^-•^ff©#a«lit»*»fc, ^fy^S 1 4fc«fc0 

[0 12 0] 
£ftAT3 Uf7^S2 0) „ ^-IT, 

[0121] 

>Mt««SKj£UT Uf';^S 2 2).. h 

mmm&mmrz Uf7^s.2 3) . 

[0 12 2] 

x Uf>^s2 4) , ^sZiMzv^-tyhmmm 

[0 12 3] 
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wzmm^®^ mm ) <DMt.&mmz5-x.*>mz.& 

[0 12 4] 

1*E»a»*W;«Uft3£-«l«t»aLZMPttaiOI5i3£ 

70 »*S#a*liK®j^JHffi*$tefc:RjfcLTfr&, ZMP$ 
£«W0*fcHSfcl*K: ZMP natOtt%«fr fc3 «fc 5 (C b 

*»ffi©»a«i3t«:»i*-*-aj:5k:ftj6*«©j|[iasfeac 
fczMP*at3W(ftfes*i*. 

[0 125] 

ei 8 lei*, ^mit(D^mmm<D®mm^mzm^Lx 

[0 12 6] 

Ttt, .»». #&8B, Jbltt, -SMtt£g>j;3ic2r;i/-:/ 
HaTTS Ur»^S 3 1). 
[0127] 

xy^rs 3 2) .. ±¥#»c*»t*»a*)iit©«ijgtt, s 
jo a^o^-r k • y-j-^y? (mtmm w 

[0 12 8 ] 

7tC;ttLTffi&flIte£#*.3 (XryyS3 4) . 
[0129].. 

xo»»ffik:ov»To«5ti(Htt(>t#»a*iiji**tffl*± 

[0130]' 

sxt. zMPftsg««*ii[a-r« Ut-^s3 

5) . *UT, ZMPft)fe*«*iSlC, £$3111)* tCfc 
W-*ZMP*(iil*«jer« Ur7yS3 6) . 
[0T'3 1']'' ' -•• 

50 «K:fiiffl-e#'2»a**J(taLT*< (XryyS4 



-17- 



33 

5) « 

[0 13 2] 

[ilCffioT, 
[0 13 3] 

coi^MiTH s-r, jflixftiictoxjMi 

[0 13 4] 

&V>T, ^T-y7 r S4 5t*J^T»tHSnfe-SK«ffiflD 
>h*i«M£iS:£bT Uf7^S3 9) , ^E-*>h 



(18) .• .itM 2 0 0 4- 1 8 1 6 1 3 

....* [0135] 

jfen-c, atusnfc i *a©«tt©*~/ > hitman 

T Ut7^S4 1) , SMfOt-^>hilIfi 
*»fflTS Uf7^S4 2) , &9tM&tf 

[0 13 6] 

jo ittm&n&fe-xmz^Ttstw-rz. 

[0 13 7] 

«r&-;*>(>*t«SS:Q [Nm] tU igpcc^-^^ 
H*«fc?iJfflT?**««*Mi [N] iT-5i ( i = 
' 1. 2, 3, -, n) , l«O^>hi«itt 0 | 
XQ [Nm] i&3„ [fib, a i te*6*ME-.*>M 

[0 13 8] 
* UBc3] 



muy«* -i.o 



[0 13 9] 

[0 14 0] 
[0 14 1] 

^WttT, ^BE©a = 0. OiU ^DCDgfteOa© 
£-8t£l. Oil"*. 
[0 14 2] 

Hi Od^TcfcoC:, rf;U7 • 

flS. ffi^«C088^JtbT, ^g|5C0a = 0. OiL, 
£gBWa = 0. 1 iU 8eD<Z)glHi<E>a<D£-ft-£0. 9 
its. 
[0143] 

Ell ltC^t-ct5»C, M*(Hft£«ttSfeA/JI||fc&&fT 



^0 u #$*iTJ& (wa&tefctt-sfiatt od 0 = 6. ot 

[0.14 4]' 

lt^T?)$oT/\*7 * £ 0 S ^ff-T * «fc 5 &a» 
[0 14 5] 

*. «5fe*OW6«t'UT, ^SI5(Da = 0. OiU # 
$*<9a = 0. 2iU SSBBcDa = 0. 3iU 5£9»gB 
ffiCDaCD-g-fi-SrO. 5 if -5. 
[0146] 

EJ 1 4(C^1-«fc^tc, ^ron-yySrm-arfehU-frofS 

= 0. oiu ao©8wa<z>a0£ffi-fci. om. 

50 [0147] 
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El 1 5 fCTK-TJ; $ iZ. &%.<D7 7 7--7%m$l> 

© mmmm-vsL & t z> «fc 5 / ^ - > c * vvr « , 

M<fcbT, #f£g|$cDa:=0. 0«hU 9 OTgEft© a © 
[ 0 14 8] 

$ tifc a- &ti A ftKtfft& *ff «t 5 £ 5 ftilliA 
^->»c*5ViTta, P#IW©iBiS££'bte. TJtt.'.ffiSR, 

^JtbT, ISS<DWt2fC*3^TS§BCDa = 0. Oil,, 
+IW»=*V»TB8IJRt«*:WaB©o-0. OtU 

fe©a©-&f|-£l. Oit5. 
[0 14 9] 

01 7tc^T«k^lc, 'J#>£#^TKIi5#r&&, 

t), A*UX©«fc5&jtlft/^->{c&^Tte, "T^TCD 

1. otts. 

[0150] 

Ell StC^-TJzpIC, (^§BSr/A^fTA*7>7.$'t Qttifi 
[0151] 

Ell 9 ICTKfcfc 5 X**(Dt*;KD^t3»prcffl^ 
&5tlW8hrt# — >\Z&^T\Z. ±K- 

©KiSWtbT, ±K*JJ:tHWH»©a-0. lib, 
£HS©a = 0. 2<hU &D©BM4©a©-&t|-£ 0. 7 

[0 15 2] 

z\ti£.-C(Dffl3;&maT£y hKX/^©;ft^B<JlXt>$H> 

UJ-b>1t«, #S^tCBabT«-lOOtSfigT+»-C*-D 
fc. 
[0 15 3] 



119) ^12 0 0 4- 1 8 1 6 1 3 

3(5 

[0 15 4] 

/o t>T»arr«. 

[0 15 5] 

B*M*¥&« r««»o«,^^j ( P . 3 
1-33. JPj*3¥3J? 2 5B) &mM<DZ\ 

t) . : 
[0156] 

[0157], 
#^;ffi^j&!c:«*P5£&l&n#», Hi, zmp (Zer 
o Momen t '. P.o J n t ) £*fcfTCD^£^#iJgiJ© 
««tUTfflV»TV>*. ZMPfcJ:*5fcfeflEtiJaija« 

&*5» ^^^©fiWCZMP^&Viii^, ft 
[0 15 8] 

zmp #as«i, w«»*/skc*j ^TBJjnan* 

**-*>h©»*WHfc£lBi£l,fcfc©-C».5. lift 
S^fcCRjSm.i T3Et> L . ;n^$ Mftftft/iX i: L £ 

;* > h ©ISf n£5fcs!>3 z M P fctel^SSCT* 5 . 
[0 15 9] 

(O-XYZ) Tf3j£$nfclS#<Z>ZMP^ 
40 V Z' ) Tf8B3fiSn&«M|:©ZMPft^«r»*8SCtt-€- 

[0 16 0] 
C*4] 
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i&xmmft-c&mz titc z m p^ess : 

all- particles / 

r = r' + Q 

all - particles / \ 

all - particles v v all - particles / \ 

^m.f, x^+Qj- J m.P^x^ + <j) 
f=F+Q 



C0161] 

±BB©*^tt, (XttlW«a) mi fc^TTOlP 
i-P*m P ) CO^e— h©*gfq£, #R^mitcEP 

£/£3n&ZMP|eir> (kfgO^Fk G9f£ffl.££S 

[0 16 2] 

lE-r-SClt^, ZMP£s£^&«giJ#i$5<bL;'hsg#fc£5fc 
[0 16 3] 

h ;Wisicjnjig-fe >-y- t^i^-fe >■*}• <&B2g-r c= t 

T, ZMP^ (XteaHdJUS) £#AT3fc&tC 



[0 16 4] 
[0 16 5] 

(1) bTv»*«ttk:, SpjSS-fe>-y- > ft ft 

(2) *u>^os>Ci>f«tifi»c, jpa*-t>u-. sanies 

(5) §7^faX-^Ct^ifi, /t»f'J©I6ft 
Ay t- U i 7£ ? X-* *|»v»fc >J ©fifrfl- 

[0 16 6] 

40 (1) icjcntf, KS^'f LT(/>£g&tfc£fMffll,6i:L 

MPMct-jOha, mfflmzmaznzftti*:- 

50 *fc*-*>)»;«*it*ttaiLT^.5 «ftft£t 
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39 

#•5. 
CO 1 6 7] 

[0 16 8] 

(2) icctnti, B8»*«ttr-5*u>^©'aiC,> 
#ifi * WW j« 1 1 t , # urns tc & v £ n* aus 

IC^ysZMPIiDCt- ^ > H KPP 

tt z m pft^i»*asc*il««t:i»A"r* c tifi-vt 

[0 16 9] 
[0 17 0] 

(3) {CJctltf. «M*:±0±!teHa*it>attrti, 

w^t*i>TEPinsn*Dna«ja»siwji^«fc:i|j[gffj- 

iR. MWjftfc:HJJnsn*^.*K: <t 0 £fi£2ft.5 ZMP@ 

itt««»cJ»A-r*ca:*«T?#-5. #m«p^«k:% 

[0 17 1] 

H2 2fctt, P^liPsHy h©*K^±©#7^5=-o.X 



l z " »BB 2004-181613 

-famfcttmztiamm. annas*. &mm±>-*&& 

[0172] 

fc'P'bZmiZ.TZZ.tWZtZ. Lfcrt^T, »ft©|& 
[0 17 3] 

1212 3tll .^ftffi&ttfcffsfQsSfMHratf? h©31ii 
$PP©|[IB§&ft$ag^JiI£ 7 o v - I- ©^SCT^ b 

[0 17 4] 
[0 17 5] 

* z m p ssms « z m p# asc*# 

[0 17 6] 

30 £Jf£ftJg©rtfflfcZMF:&<fc ^#(c 

ft^T, 3MMr83t**< Stick o Uf'^S 5 
[0177] 

02 4ii«; 5 2{C*3lt^»> ZMP^g^co 

[0 17 8] 

[0 17 9]. 
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nsMSju-ytc&^-r. zmp i8.&jutm&i&mfr z 
wm s tizftti \z j; o fefig s z m p ® o co^- * > 

[0 18 0] 

TZWtii1rz>Z.}itfT2Z> (Xr'^S 7 0) .. 
C0181] 

*>b%ti}Mmti,T> zMPfijix«a^©[5ite$/i 
1) . . 

[0 18 2] 
[0 18 3] 

in 2 4 tc^r^s¥MST«, ®m&izt$nz>&± 

,6 tC*3 HT** fC J; <Q n^> Z M P 0 0 ^ > 

hSr^tU-r^k^WMSSr-g-*-. i, j. kJ&©$aa# 

LT<fe=kV> . 
[0 18 4] 

02 5IC«. Xf-y^S 5 3 K&tt-S. Slfc&S 

[0 18 5] 

1) . 

[0 18 6] 

X^-^T'S 8 2~X5 L ->ys 8 9tCkD^fi)c£ 

n^^a;i/-y{c*3^T> zmp is^x«s^is^^ *> 
nit, ^smsfcTOnsn-sMit^ zmped©^- 

<hi:fc^, c:ne,o3£ii^ii^jill^:SDS:LT> cms© 
[0 18 7] 

-fZZiitfTZZ (T.xyT'S 9 0) . 
[0 18 8] 

[0 18 9] 



IZZ) ,. ,4#PfJ2 0 0 4- 1 8 1 6 1 3 

[0190] 

^*^tU-rS i JRCD^at, am$©fl-*Hr-*>Mc 

1. j. kmcoMa^vUT^tiiff 
[0 19 1] . 

70 W2 4iZmV1tya-^^-b\zHn^^y^S 6 2 
~^T7^S 6 9-VM&L2nZ>® : m)l'-7-V\t, ZMP 

jfi^x «a^ifi«*^ e ]« tc , m>m^.\z^x(Dzup 

ZMP@0(D^-^>Hig<& > SiJfP^«tciBIS$nfe-b 

*»«fii:j:o.T, ZMP^r@iC*3a^e<j[c^At--5 
20 [0 19 2] 

7S 8 2~Zf77'S 8 9T»J**tl*«iaJW-'^T 
it, ZMPiE«Xtt«*£>ifi«fjiv5J|Hk:, tfrfflfftftcgift 
Sn-SMji^;, ZMPIhIO©^— Hc«fc 9 EPJd£ ft 

e. ©waics^Ttfasata?-* ttfcc cine © 

50 [0 1 9 31, 

H2 0-*H2 2t#lHL,<i:*t6K9ibfcJ:3fc, 

^t^EtT.SCtT?, ZMP^SiC (xr*z»# 

est) o«xt=£]SitE9ifi/x?/— ^M^BttniciHii 

[0 19 4] 

40 z\.nzmte±\zftmmm2ntz±>vm±ismpm\zm 

[0 19 5] 

• UTVii^tSbfc* (Wifi) , 02 6fC{i, Z\<D 

®G<D±>v®±*mm\zmm-zit*><?>-mit7siL 

50 
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C0196] 

—v hizm^nxmatm^tx, zz-c^m^mxt 

C0197] 

&tz. m2 7\z\i., ■t>-ym±*mm\z&mt%tztb io 
<vm<DM%7nLT^%. mm\zm?m-c\z, ±»\z&& 

© y b t ft -S «k 5 fc - JiJ Jg*£ 

tt-5-t>-y-^$g{cst?< ti- a< aw t izMfrm 

[0 19 8] 

[0199] 
[0 2 0 0] 

ISJHK^-TKISST'^a.x— EKE^y.^y.h 
<t. &&*E©«£l:3-f ./l/j^sfc-SHJE-? TfltE&sn-S^E 

:ix>> h (GU) t, ^E-*ffl^©#U&*;<jfclW»T<& 

iw»«Tii«ati«. 

[0 2 0 1 ] 

[0 2 0 2] 40 
•fe>-y- • rLXy b«> 7^^a.x— ^ • rL--> hcD2^ 

[0 2 0 3] 

t>D--az7Mt 1W~ 3 WCDJpjIffi-fe i 
[0 2 0 4] 

£^jW<HC^I/T^£. fflmiZ7Fi?& J 5\z, 79j-a.£ 

— i'lOU -1* — 7x-Xggl 1 3V> Hffia 50 
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w i 2 1, ^-^(ww'fij i 3 1, -t>-y-«^«ia« i 4 

[0 2 0 5]. 
[0 2 0 6] 

i3tceitbfci9, ^e— ^$wsbi 3^±>^mnmm 

[0 2 0 7] 

*-^IMW» 1 3 tt, b • b'lcffiofc*:-* 
©Htei&^Tifc*©**^***^--* • n-f;n 5 
CPWM (Pulse Width Modulati 
on) ttlAU .EMEf 1 (EJjjsU&vo ©HjEficg 

[0 2 0 8] 

1 4 tt. -t>-y- • xxy bfc^FStt* 

iDjsa-fe>-tj- (x~y)., yt-fp-t>it (tr^, 

D-jk 3-) *»6©-fe>U:««ft«ia-r5. 
[0 2 0 9] 

piao© : &-^>bfc«kK)EP*psn*Mji^ stocfc^. 

[0 2 1 0] . 
[0211] 

<DMffi7f 3 L 3.3L— 5>\zt5liT\t, KSHSgB 1 2 

S-fe>-y- (X~Y) v i^HD • -fe>-iJ- (Hyf, □- 

[0 2 1 2J; ; 

I3 0l;li #$««^©MfS57i'5 1 a.X-^rtt?, ZM 
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[0 2 13] 

WjftfcfcttSZMPHD©*— *>hsifl!>i8fii, j-i 

ft* z m p 0 o ©^e-* > ^©sgfpatA^ft-s. *t 

S^T, SSSdW^tc^tj-SZMPElO©^— ;*> h 

&fcE|J;tra$ft5tt;fc£.fc9£j&Sft;5ZMP|S0© ; E- 
^>HS*»tBf Sttfetc, ;:fts*-l-ft-tft©ttfn 
fCjPgEflagLT, i *B*"P©tt»ASfc*^5ZMP|g 

fl-;^— *>h^©*£fc], Mtffck#g3;T©fM$liifc 
*5^^^^fc«t 0 ±»££ft3 Z M P EJ 0 O^E— ^ > hrg 

h D - 7 fcmff i^**tgjaf « t £ K fit, ZMPK)^ 
^SS; SrfSfiTT -S S-^E — ;* > h JM^K fiisfci* <£> tlX H -5 

[0214] 

z m p lSK&v»*8aoiAi:M:. 

{C*3ViT^^lC«t 0 4fig$n*ZMP|HJt)©^ET-^> h» 

j, k*o«ia**^5w;n=aff-r*. 1, j. k?s© 

T»trtv»5^u y h***«. IffirS-SWjSUcfc 

<. \*<DmX<D&* b&telitiJIkWH&ifitKT l- 
[0 2 15] 

[0 2 16] 

©±ffi©B8as7^;xX— i - 1#@$t©IM 

ffl,£fir.fcfij-£ Z M P gj 0 ©*:- ^ > h \z «fc 0 EPflPS ft* 
MiI7jiS©*g*q> MtflCk- lSgST<D$fl»^lcEPJn 
$ft-5^t-^licDifeg;f0^A^$n-l>„ ^-LT, USaST^ 



(24 ' ^§92 0 0 4- 1 8 1 6 1 3 

3.x-^rt'-tMftaSft*:-fe>-9-«ffflk:S^»T, £KM 
fP^icSijjpaftSMit^iM, ZMP@oot-/>M: 

iOEPJPSftS&il^ tttftttaafcaffl-rsii 

cftst-tn-eftottfticinifffflauT. i#g 

©ftPP^fC^fit* ZMP0O CD^E- *>biz£.<0 EPJpg 
ft*M»;&E©8*0, Mmck#S^T©SiJffll^tcEn*P 
Sft«#aE©8*ifcl,T. »ttfi»©Tffi©B®7* 
^a-X-^lctti^-r*, L£#oT, Sffltftftlcttftt? 
70 T, £©«fc3&»P*^S£jl;fc^D^LT^< lit fir ck 

0 , «p-*n.> h y izwinm^wmm? % tz\z\z, 

[0 2 17] 

ft*Mit^«:ijLa-r* j jsc^st, frjp^fc&uTEP 
unsft*n**»ia-r*k»©saa*t$sft«*t, 0^ 

1. j . . kJS©ffl.a*^7UJWfciiff-r-5->XxAT 

-3T»*&m\ttt<. i ?&©M3¥©*, absvittijR© 
SSA?/i<ti - 1 *ST©«**v<*;ui,--r*«tt 

[0 2 1 8] 

. tig*] 

«RT^fl«^tt%tt«|©»iE^^«iE£U»« C t\Z 

Birr**. . 

[0 2.19] 

*589!©»©W:, (SMTU'ti-rqjRyKl tftansnfl 

fcttBDtan*v>.' Tftto'-s.. 

fpffl ^ffl v^T AIB©S*ffk;^[«fcaift*ff «ci fiStt^g 
**^Wa*©«S©-«W*»»«:«jiT?**«t6tf, •pij 

40 [0 2 2 0] 

*wmw<n%mm®wRfem\zM%i-tz>^x\z 
it\,* m *38«©eesw»r-r«fc©ttt, bsicewu 

[0 2 2 1 ] •: 

[%BJ©?i*] 

*%Bji3±ft}i V ; z m p &&&$>iz&m&mmzm 

ftfcffil^BjoxK^ h©fe«)©a6fPSWKSSO:i);f^S!l 
50 SM^lStS^tASTfS. 
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CO 2 2 2 J 

*&mz&ti\$, zMP*asc^«afl-D*fii* 
5 z\£&-5jm\z-?%. mnrzm^W]o^v b<DTztb(D 

CO 2 2 3] 
CO 2 2 4] 

#V h©fc«>©-te>y- • v-X^A£g{rf SCt^T^ 
■5. 2 jj 
CO 2 2 5 ] 

*f&W\ZMZW3.&W]ntfy Ml ^t<Dg?«SB'teC 
ZMPt*tiB«»HB!r*R*-fe>-y-« v7^A£BES 

[HI] 0111 *»^©SIJSlctt$tl«IW^i!jD7P 

C02] 02 a. *aH®*jKicftsn«iii3»MD# 
[0 3] ei 3 a, Wft&mutfy bt>mffi?z>mwh& 

[04] B4I4. VPxt&Matf? h l 0'0©IW»->^7- *o 

[0 5] 0 5 (4, NfttMbatf? MOO ©^Stiifi^ 
; &'5rJl'£^;L;t0-e&5. 
[0 6] 0 6(4, ^RXS^^KOjBWJBigflDJit^H*^ 

[0 7] EI 7(1 WSCfWttn^y h 1 O-OCtJViTSfcJfe 
[0 8] 18 814, ia»»n*.;H0 0t^Tftt 
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[09] 09 14, ±¥#Cfctt*#Sttil<DflHteraffi<D 

'[Hici] 01 ot4, ±*#t*jt*#attito«jfe)H 
[0in 011 «. ±¥#(c*psffiniLat«>fl;ftM 

[0 121012 (4.. ±¥#K;m**#Sttit©flHteJB 

[0i 3] 01 3t4,. ±*»\z&\,?z%immm<D&9tm 
[0 1 4 ] 0 1 4«, ±^#K*it*»ai«iii©«5fc* 

&©IS£#i*£tBBjit-3;ta6©0T&5,, 

[015] 01 5i47±*#t*i**#3ttat©«a3jH 

[01 6 ] 01 614, ±¥#K£tt3#aW«0Dffi5 , cJlli 
[017] 01711 ±¥*i::*5H-«#2«liit0CftJfl 
[01 8] 01 8(4, ±¥#(C^5*&M#iig©ffi$feJffl 
[019] 019(1 ±¥#IC«^«#a«litO!)fllft« 
[02 0] 02 0(4. WS^WjOJ^y h©tB#±©Sg 

[02 1] 02 1(1 iSMo^y hCD«W*:±©*iJ 

[02 2] 0.2 2(1 Bimfhntfy b<DM&±(D&7 

[02 3] 02 3(4, VPst&Mdtfy h©SE!j»p©« 
S. 

[0 2 4 ] 0 2 4 14, ZM P #S5S©*«sR:*^< 

[02 5] 02 5(1 S«ttS£0ff&k:are< fi&#© 

[02 6] 0 2 6(1 Wft&Wiaifiy HC9ffift±©&7 
i 7 ^ a X— * © S't> iff (ciBB S tifc -fe > -y- |b|± £ H3?ij 
M(w&&t"*>Wj£0J&;SLfc.0T£5. 

C02 7] 02.714, WS&toU-eHy b<Dm&±<D&7 

^^^x-^©a^#iatci3Bsnfc-fe>-y-ra±*iiyij 
C028] ia-2-8i4v homfrttrnzmmm, m 

t»fi£0iJ£7KL£l2]T?&3o 
C02 9] 02 9(4, 02 8 (C^L^^giJT^^^x- 
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[03 0] 12 3 0(1, &MM&<Dmm7 Jfal-^ ft 

*15 Z M P 0 iq cd^-* > b5£ JM^Ug LT^ 
CE13 1] 03 1H =&$W^W«gf!Ti7^3.x-^^ 

l-*«|gp3-ttl 

2 A--mi(D#Kgi5tf^^t4 

2 B-|g2<D«-fWS5 (IB) tfy^fi 

3---l-MSiD-;HS 

5 -mmm n— a>m 
9 tfy^-di 
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1 0---»$to-j 
1 1 •••JiSMfiiJH— Jeh 
1 2--J3SKgi5tf7^fi 
1 3 • -ISM© n -/US ■ 
l 4-'-^Mgi5tf^.^(S. 
1 5-J£triS®StfV3Hji 
1 6-"StfKf5D-jl,tt 
3 0--IRS|5a.-^ b, 4 0-ft.ftW3.-y h 
5 0 •••B^ffl5rL- ^/ h, 5 1---±^rL--vh 

5 2---Mfflffi-L-y b, 5 3--Str^5n-< y h 

6 0 -BUSBo.- y h, 6 1 •■•^cffiigprL- y b 

6 2-.-^mm=i=.y h, 6 3-mw=u-y b 

8 0 ••.■%m=L- y b, 8 1 •••±$iJPgK 

8 2-iliail]gS 

9 1,9 2 --igHfe^|g-fe>+t- 
9 3, 9 4"«S-fe>-y- 

9 6---»DJiS-fe>-y- 

i o Q-m^mv^y b 
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.J JtWM ** 
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[013] mi4] 




[01 7] 

' [01 8] 
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I START ^ 
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m2 5) 



C START } 
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[fffcti B ] ¥J5£ 15f 7H28B (2003. 7. 2 
8) 

1 ] 

[M$3 i ] 
[W«91 2 ] 

wrem j£©#S5ttt z m p ^ss;x«sii!)^s^;T* 
■a, 

CWsRE 3 ] 

ffiEffl*Ptt*£«. 4>&<<hfcfflE±K, METKStf 
ME##«*k:RttSftTl>«, 

[«f*3i4] 

flaES#£ii>fe< ife i UA±©ft}EpiiftSBfiK;te,nfe 



t, 

WE±*»&/'ti'-->£j5fc^Stt, flBfeJU-ftfcStJH 
X, MEI«*lia©£«Xtt-ffifc#l,T£iE&fffc 

k £#s»^— 

Ct£4**£T*SI#3H4fcE*©P;itfy hg»„ 

p*a^xf43iifc«ras©#twE«5teftiffiits^^ 
T«-B*«iat«iE-r*c:tk:j:i3, k»mmm>—> 

££*<*«i*-««#*4teE«l©Pj|<y b=i£g. 
[»#R7] 

■f^®D# 7 h©»ffcft!l»SftT»-3T, 
WEP7l«y.H©*flc±(0tt»flD»ttk:*it«*^feW«ft 

» * w wr s aniMfli#gt <h . 

■MHMPMMb'.'pw- 
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zt&ftmt-rzimmiizftmvwjz&mnxy ho 

[»*19 3 

& t u x KmMftmtfim*. t & % tm. \z * «■ « jdm« * 

0] 

&£i-T<Dmmz$>tf2>i}mm%mm-?z>, 

[lt$H 1 1 ] 

*9E*oa!S?ffHB!igig*«aGEn # y h ©tl#±©$'tfsp*f & 
M. t U T ©#M) © Sgf ic is It 3 JDiSS £fHSi)T 5 , 
dt*W«t"r*»l*a8K:lB«<0Wi»«injR»; h© 

[gf*ra 1 2 ] 

d t*#«»fr-58il^518fc83«©IW^i!iDjH^ h© 
fc#>©f*jf£$iJfflj£SB. 

cw am 13] 

[n#3l 4] 

n 1 «r»« t-r * it am i icE*£©P5$f£»j 

IMPfMiPgB. 

1 5 ] 



dt*W«tr*»*9ll 4k:E«c©B2Pi^KjD#>.y h 

[■1*311 61 .. 
MEWSIMft y > ©W® g $fi£fltf£T-5 7^?a 

ftfiift^t&£fefifc-fe>-y- • h*<fS«snx^ 

Ci.S»*ii:"T*ai*Rl 4fcE*©W5t»t&ojHy h 
©iWf&J^&fi. 
[BtsftB 17 3 
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